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Aggregation Effects of Dwarf Male-Sterile Wheat on Large Spike
and Grain Traits and Screening of Elite Germplasm
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Abstract: This study aimed to systematically compare the differences in the aggregation effects of
large-spike and large-grain traits between dwarf male-sterile wheat and common wheat using the novel
large-spike germplasm Luoxin 001 and large-grain germplasm Luomai 76. Additionally, it sought to
screen elite recombinant materials, providing a theoretical basis for efficiently aggregating superior
traits using dwarf male-sterile wheat. Zhoumai 22 and its near-isogenic dwarf male-sterile wheat line
(dwarf male-sterile Zhoumai 22) were used as female parents to hybridize with Luoxin 001 and Luo-
mai 76, constructing common wheat and dwar{ male-sterile wheat populations. Twelve spike and
grain related traits were evaluated in the initial segregating generations. Diversity analysis, correlation
analysis, principal component and cluster analysis were comprehensively used to assess the impact of
dwarf male-sterile wheat on selection populations and progeny lines, and the elite recombinant materials
were identified. Both selection populations exhibited high diversity indices(5. 47 —5. 60), indicating

abundant variation across traits. Significant differences were observed between the two populations
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for all traits except spike length, number of spikelets, spikelet density, and thousand-kernel weight.

The dwarf male-sterile selection population showed higher coefficients of variation(>>10%) in spike-

related traits(except number of spikelets), stronger positive correlations among most spike and grain

traits, and enhanced potential for breaking trait linkages. Based on principal component analysis(four

components, cumulative contribution rate 89. 29%), cluster analysis divided the populations into seven

groups. Groups [V and VI exhibited transgressive segregation for the combination of large-spike and

large-grain traits: Group IV exhibited transgressive superiority in spike traits, while group VI excelled

in grain traits. Group IV (77.19% from the dwarf male-sterile wheat population) was identified as the

ideal target, demonstrating the superiority of dwarf male-sterile wheat in aggregating large-spike and

large-grain traits.

Keywords: Dwarf male-sterile wheat; Novel wheat germplasm; Large-spike; Large-grain; Genetic di-

versity; Cluster analysis
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Table 1 Descriptive statistics of spike related traits and grain related traits in the selection populations
FRIPER B3] TRAR ZHEER &/AME e KAE Y P ifE 22 t 18 P 1A
Trait Type CV/% DI Min. Max. Mean SD t value P value
P C-WSP 20. 7 5.58 1.61 5.37 3.45 0.71 L —oon
. BB — 4. 0.0
Weight per spike/g DMS-WSP 22.8 5.47 1.66 6.21 3.76 0. 85
R R C-WSP 18.6 5.58 32 92 63.18 11.75 s -
L e . —5. 0.01
Grain number per spike  ppgWSP 18.5 5. 48 33 100 68. 87 12.70
HE C-WSP 8.7 5. 60 8. 20 13.70 10. 36 0.90
e —0.09 0.93
Spike length/em DMS-WSP 10.5 5. 49 7.20 13.20 10. 37 1.09
/N C-WSP 7.7 5. 60 17 28 23.32 1. 80
Number of 1. 60 0.11
,,,,, spikelets per spike  DMS'WSP 7.2~ 5.49 17 272307 L67
/IR AL C-WSP 12.0 5.59 3 5 3.86 0.46
Grain number —5.90 <20.01
per spikelet DMS-WSP 12.6 5.49 3 5 1.12 0.52
Nt ET C-WSP 8.8 5. 60 1.85 2.77 2.26 0. 20 )
i ) 0.9 0.33
Spikelet density DMS-WSP 10.2 5. 49 1.74 3.06 2.24 0.23
TR E C-WSP 8.2 5. 60 41.20 69. 91 54.52 1.45
Thousand- 0. 80 0.43
kernel weight/g DMS-WSP 9.3 5.49 19. 83 63.07 54. 20 1. 54
R T R C-WSP 7.0 5. 60 15. 60 22.95 19. 00 1.33 _
L] A 5. 66 0.01
Grain area/mm’ DMS-WSP 6.6 5.50 12.50 20.73 18. 38 1.16
T K C-WSP 3.6 5. 60 16. 34 19. 65 17.76 0. 64 i o1
. ! .3 0.0
Grain perimeter/mm DMS-WSP 3.4 5. 50 14. 85 18.58 17.37 0. 56
Bk C-WSP 3.6 5. 60 6.51 7.87 7.09 0.25 - .
Grain length/mm DMS-WSP 3.5 5. 50 5. 86 7.41 6.92 0.23 '
5 C-WSP 4.2 5. 60 2.98 3.88 3.47 0.15 ) _
Lo P 4. 80 0.01
Grain width/mm DMS-WSP 4.0 5.50 2.68 3.71 3.42 0.13
FER K5 1 C-WSP 3.5 5.60 1. 85 2.31 2.05 0.07 )1
F . .19 0.03
Grain aspect ratio DMS-WSP 3.1 5.50 1.84 2.23 2.04 0.06

C-WSP . ¥ 38 /N H2 PP BEAR s DMS-WSP . 58 I /N 32 e R BEAA

C-WSP: Common wheat selection population; DMS-WSP: Dwarf{ male-sterile wheat selection population.
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* and * * mean significant difference at 0. 05 and 0. 01 levels, respectively.

The upper correlation coefficients represent the com-

mon wheat selection population, and the other ones represent the dwarf male-sterile wheat selection population.
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Fig. 1

Correlation of spike related traits and grain related traits in the selection populations
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Table 2 Principal component analysis of spike related

traits and grain related traits in the selection populations

E LN F R4y Principal component
Trait PC1 PC2 PC3 PC4
R ( —0.1¢
Weight per spike 0.29 0. 89 0.13 0.19
- BRI . 0.05 0.95 —0.01 —0.06
Grain number per spike
MK -
Spike length 0.25 0.67 0.49 0.17
N Y i
Number of spikelets 0. 00 0.69  —0.52 0.18
per spike
IR B
Grain number 0.03 0. 80 0.12 —0.09
per spikelet
MRBLEE 06 013 —0.95  —0.03
Spikelet density
TR E
Thousand- 0. 69 0.19 0. 38 —0. 36
kernel weight
g e e
ﬁﬂfiﬁi" 0.97 0.12 0.13  —0.15
Srain area
G FERLJA I 0.98  0.10  0.11 0.11
srain perimeter
RIS
Grain length 0.93 0.07 0.11 0. 33
e - 0 4
Grain width 0. 85 0.12 0.07 0.48
G L e
CHRLRGER o 0p 007 0.03 0.97
Grain aspect ratio
FHIEAA c
Characteristic value 5. 80 2.69 1.49 1.24
Vi & - . ;
Contribution rate/ % 44,16 22.45 12. 37 10. 31
E i
Accumulating 44.16 66.61 78.98 89. 29

contribution rate/ %
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Table 3 Comparision of spike traits and grain traits among different groups and parental lines
aq RN BK M MBPRE MEE  THE oo BRAK  BK . BREER
BT : . B B R : . b5 .
Eyiid . Grain Spike Number of Grain % Thousand- . Grain Grain L Grain
3 Weight per . . Grain area/ , Grain
Group . number length/ spikelets number Spikelet kernel 2 perimeter/ length/ . aspect
spike/g N N . . N mm width/mm X
per spike cm per spike  per spikelet density = weight/g mm mm ratio
SRR Z 22
Dwarf male- 3.7+ 70,97+ 9. 66+ 23.67+ 4,13+ 2,45+ 52,02+ 18,174+ 16.86+ 6.52+ 3.57+ 1.84+
sterile 0. 47de 6. 89bc 0. 69d 1. 3cd 0. 35cd 0.12ab 2. 4e 0.61f 0. 3gh 0.12¢g 0.08b 0. 04f
Zhoumai 22
JiZ 22 3,74+ 72.87+ 9.75+ 24,4+ 4,23+ 2.51+ 51. 14+ 18. 21+ 16.91+  6.55+ 3.56+ 1.85+
Zhoumai 22 0. 57d 8.43b 0.35d 0.56b 0. 43¢ 0.09a 2. 76e 0.81f 0.39gh  0.15g  0.09bc 0.03f
B 76 3.52+ 63.73+ 8.97+ 22,47+ 4,13+ 2.51% 55. 18+ 19. 284+ 17.75+  7.05+ 3.53+% 2.01+
Luomai 76 0.47¢ 7.77e 0.37¢ 0.78fg 0. 35cd 0.08a 2.49¢ 0. 65cd 0. 34de 0. 15¢ 0. 06bc 0. 04e
28 001 4,53+ 83. 1+ 12. 88+ 25,43+ 4,47+ 1.98+ 54,49+ 20. 36+ 18.63+ 7.57+ 3.52+ 2.16+
Luoxin 001  0.49b 7.41a 0.55a 1. 1a 0.51b 0.1le 2.96¢cd 0.66b 0.29b 0.13a 0. 08cd 0. 04a
1 3.71+ 69. 39+ 10. 44+ 23.92+ 4.05+ 2.3+ 53.49+ 18.4+ 17. 4+ 6.94+ 3.43+ 2.03+
0. 38de 7. 47bed 0. 74c¢ 1. 26bed 0. 23de 0.19¢ 2.23d 0. 491 0. 28f 0.14d 0. 06f 0. 05cde
Il 2,18+ 45,69+ 8.79+ 21,47+ 3.19+ 2.45+ 48.32+ 16. 97+ 16.74+ 6,69+ 3.27+ 2,06+
0.33h 8.72¢g 0.57¢ 2. 26h 0.47g  0.26ab  4.92g 1. 14h 0.55h  0.231  0.l4g 0. 08¢
I 3.84+ 66. 98+ 10. 58+ 22,84+ 3.98+ 2,16+ 57.35+ 19. 58+ 17.96+ 7.14+ 3.54+ 2.02+
0.49d 8. 4de 0.77¢ 1. 69ef 0. 25de 0.17d 2.74b 0.67¢ 0. 38¢ 0.19b 0. 08bc 0. 06de
N 4,87+ 85.26+ 11,43+ 24,28+ 4,89+ 2.13+ 57.11+ 19. 254+ 17.83+ 7.11+ 3.49+ 2.05+
0. 46a 6.22a 0.66b 1. 32bc 0.31la 0.13d 3.33b 0.9d 0. 43cd 0.19bc 0.11de 0.07cd
v 2,76+ 50. 69+ 9.76+ 22.02+ 3.48+ 2,26+ 54,58+ 18. 83+ 17.64+ 7.05+ 3,46+ 2,04+
0.26g 4.96f 0.71d 1.63gh 0. 5f 0. 18¢ 2.57cd 0. 68e 0.41e 0.19¢ 0. 08ef 0. 06cd
W 3.16+ 63. 62+ 9.94+ 23.52+ 3.92+ 2.38%+ 49. 74+ 17,314+ 16.98+  6.81+ 3.28+ 2.08+
0.41f 8.01le 0.8d 1.41d 0.27e 0.19b 2. 741 0.65g 0.37g 0. 19e 0.09g 0.08b
W 4,16+ 68. 74+ 11. 48+ 23.35+ 4,04+ 2.04+ 60. 69+ 21,47+ 18.97+ 7.55+ 3.69+ 2.05+
0.51c¢ 9. 5¢cd 0.79b 1. 53de 0. 21de 0.15e 3.38a 0.81a 0.41a 0.17a 0. 08a 0.05¢

F PR B AR E 2 B R NG TR RN AR B EHEITE 0. 01 KOF 22 5

Data in the table are presented as mean=standard deviation; The letters after the values indicate significant differences among differ-

ent materials at 0. 01 level.
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